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(54) ADSORPTION TYPE REFRIGERATOR 

(57)Abstract: 

PURPOSE: To provide an adsorption type refrigerator in which an 
efficiency can be improved by improving a coefficient of performance 
while utilizing the advantage of the refrigerator of a low running cost. 
CONSTITUTION: A moisture adsorbing material is disposed on an 
outer surface of a heat exchanging member 20 including fins to adsorb 
moisture in contact of the air evaporated from an evaporator 32 with 
the outer surface of the one heat exchanging member 20b. Adsorption 
heat generated at this time is removed by cooling water which flows in 
the member. On the other hand, warm drain is fed to the other heat 
exchanging member 20a to be heated, and the material is desorbed. 
The air containing desorbed moisture is condensed by a condenser 33. 
Regenerating step and adsorbing step of the members 20a, 20b are 
alternately executed to continuously make chilled water by the 
evaporator 32. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The tubed heat exchange member by which water adsorption material has been arranged at the 
outside-surface part, and an evaporator, An adsorption means to make the outside of said heat exchange member 
carry out conduction of the steam from this evaporator, and to make moisture stick to said adsorption material, A 
cooling means to carry out conduction of the cooling fluid inside said heat exchange member at the time of this 
adsorption, The adsorption equation refrigerator characterized by having a playback means to make carry out 
conduction of the thermal fluid inside said heat exchange member, and to reproduce said adsorption material, and the 
condenser which condenses the steam which carried out desorption from said adsorption material by playback at the 
time of this playback. 

[Claim 2] At least two sets of the tubed heat exchange members by which water adsorption material has been arranged 
at the outside-surface part An evaporator and an adsorption means to make the outside of said heat exchange 
member carry out conduction of the steam from this evaporator, and to make moisture stick to said adsorption 
material, A cooling means to carry out conduction of the cooling fluid inside said heat exchange member at the time of 
this adsorption, A playback means to make carry out conduction of the thermal fluid inside said heat exchange member, 
and to reproduce said adsorption material, The condenser which condenses the steamy content resurgent gas which 
carried out desorption from said adsorption material by playback at the time of this playback, The adsorption equation 
refrigerator characterized by having the control means which divides said heat exchange member into two groups, and 
carries out supply of the outside steam and inside cooling fluid to said heat exchange member, supply of the inside heat 
carrier fluid to said heat exchange member, and the extract of outside resurgent gas by turns. 

[Claim 3] Said heat exchange member is an adsorption equation refrigerator according to claim 1 or 2 characterized by 
preparing two or more fins in that outside surface, and the front face of this fin constituting said outside surface of said 
heat exchange member. 

[Claim 4] Said adsorption material is an adsorption equation refrigerator according to claim 1 or 2 characterized by 
being at least one sort chosen from the group which consists of silica gel, a zeolite, an activated alumina, and activated 
carbon. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention uses the latent heat of vaporization of the refrigerant within a low-pressure 
well-closed container, makes the generated refrigerant steam stick to adsorption material, and relates to an adsorption 
equation refrigerator effective in manufacturing cold water about 5 degrees C or more especially using heat exchange 
members, such as a plate fin mold heat-transfer element, shell, a tube mold heat-transfer element, and an erotic fin 
mold heat-transfer element, about the adsorption equation refrigerator which a refrigerant is evaporated continuously 
and obtains cold energy. 
[0002] 

[Description of the Prior Art] There are a technique of manufacturing cold water by the latent heat of vaporization in 
case a refrigerant evaporates as a means to manufacture cold water, using a steamy compression refrigerating 
machine, a technique of evaporating water within the container decompressed so that water might evaporate at low 
temperature using an absorption refrigerator, and manufacturing cold water by the latent heat of vaporization, and a 
technique of manufacturing cold water with an adsorption equation refrigerator by making the pellet of silica gel into 
adsorption material. 

[0003] Although the steamy compression refrigerating machine is generally conventionally used for manufacture of cold 
water, this steamy compression refrigerating machine has the trouble that consumption energy is high, in order that it 
is going to be contrary to the request of the latest dechlorofluocarbon since chlorofluocarbon is used, and the heat of 
condensation may carry out [ and ] condensation removal of the large moisture. 

[0004] On the other hand, although an absorption refrigerator does not produce the problem of chlorofluocarbon, as 
compared with a steamy compression refrigerating machine, the high pressure steam of about 8 kgf/cm2G is needed in 
effectiveness being bad and gathering this frozen effectiveness. An installation will be restrained, and equipment 
enlarges the feeder of such a high pressure steam as compared with a steamy compression refrigerating machine, and 
it has the difficulty that maintenance is difficult. 

[0005] Since the adsorption equation refrigerator is using silica gel for adsorption material, by using thermal 
wastewater, such as works and a cogeneration system, as compared with an absorption refrigerator, although 
effectiveness is bad, a running cost becomes very low and it has the advantage that there is little change of the 
effectiveness by fluctuation of the warm water temperature at the time of desorption. 

[0006] The evaporator 1 which carries out an adsorption process, and the adsorption material heat exchanger 3 are 
connected in [ the condenser 2 and the adsorption material heat exchanger 4 which carry out a playback process again 
] airtight, and this adsorption equation refrigerator is held at a high vacuum, as shown in drawing 3 (the number for 
clean energy February, 1 993 the 35th thru/or 40 pages). Although two heat exchangers 3 and 4 are formed, a playback 
process and an adsorption process are carried out by turns, and, thereby, each of these is connected with an 
evaporator 1 or a condenser 2 by turns. The refrigerant 8 of Te exists [ temperature ] in the interior of an evaporator 
1 , and the refrigerant 8 of Tc exists [ temperature ] in a condenser 2. This refrigerant is water. Moreover, although the 
adsorption material 7 is stored in the adsorption material heat exchanger 3 and 4, as for the adsorption material 7 in 
the adsorption material heat exchanger 4 of a playback process, the temperature of the temperature of the adsorption 
material 7 in Tr and the adsorption material heat exchanger 3 of an adsorption process is Ta. This adsorption material 
is silica system solid-state adsorption material. 

[0007] At a playback process, from a heat source, the refrigerant to which that temperature was rising from Ta to Tr in 
response to heat, and it was sticking serves as a steam, desorption of the adsorption material 7 of the adsorption 
material heat exchanger 4 is carried out, and this steam serves as water with a condenser 2 at condensation 
temperature Tc (pressure Pc). By this actuation, the water content of adsorption material shifts to qa from qb in an 
amount-of-adsorption diagram, such as being shown in drawing 4 . 

[0008] Moreover, in an adsorption process, since the percentage of saturatel water content of adsorption material 
increases the adsorption material 7 in the adsorption material heat exchanger 3 from qa to qb by being cooled until 
temperature is set to Ta from Tr with cooling water etc., a refrigerant takes heat from the outside of a system, 
evaporates it at the evaporation temperature Te (pressure Pe) in an evaporator 1 , and is adsorbed by the adsorption 
material 7. Moreover, since the heat of adsorption generated at the time of adsorption is taken by cooling water, 
temperature is held at Ta and the adsorption material 7 is continuously adsorbed by the adsorption material 7 in a 
refrigerant. When two sets of heat exchangers 3 and 4 repeat such a process by turns, cold water is continuously 
obtained from an evaporator 1 . 
[0009] 

[Problem(s) to be Solved by the Invention] However, this conventional adsorption equation refrigerator has the 
difficulty that cold-water manufacture effectiveness is low. If 29 degrees C and warm water inlet temperature are set 
into 75 degrees C and a steam is set [ 12 degrees C and refrigerating capacity ] to 8 kgf/cm2G for 10USRT(s) (30240 
kcal/H) and cooling water inlet temperature at 14 degrees C and a cold-water outlet, compressor capacity is 
sometimes for example, excellent [ it is a cold-water inlet port about cold-water conditions, and / with 3.4 ] in the 
coefficient of performance COP in 7.5kW and the maximum stream flow in the case of the steamy compression 
refrigerating machine 3/1 2m. In addition, in a refrigerator, although a heating value Q is pumped up, this coefficient of 
performance is the index the work W of which to consume, and expresses the effectiveness of a refrigerator. However, 
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in this steamy compression refrigerating machine, if power is required to drive a compressor and the generating 
efficiency for it is taken into consideration, it will be thought that a coefficient of performance COP becomes about 
one. On the other hand, steam consumption of an absorption refrigerator is 45kg/o'clock, and a coefficient of 
performance is 1.2. 

[0010] On the other hand, an adsorption equation refrigerator has a very low coefficient of performance as compared 
with 0.56, and a steamy compression refrigerating machine and an absorption refrigerator. 

[001 1] It aims at this invention being made in view of this trouble, and offering the adsorption equation refrigerator 
which can raise a coefficient of performance and can raise effectiveness, employing efficiently the advantage of the 
adsorption equation refrigerator that a running cost is low. 
[0012] 

[Means for Solving the Problem] The tubed heat exchange member by which, as for the 1st adsorption equation 
refrigerator concerning this invention, water adsorption material has been arranged at the outside-surface part, An 
evaporator and an adsorption means to make the outside of said heat exchange member carry out conduction of the 
steam from this evaporator, and to make moisture stick to said adsorption material, It is characterized by having a 
cooling means to carry out conduction of the cooling fluid inside said heat exchange member at the time of this 
adsorption, a playback means to make carry out conduction of the thermal fluid inside said heat exchange member, and 
to reproduce said adsorption material, and the condenser that condenses the steam which carried out desorption from 
said adsorption material by playback at the time of this playback. 

[0013] At least two sets of the tubed heat exchange members by which, as for the 2nd adsorption equation refrigerator 
concerning this invention, water adsorption material has been arranged at the outside-surface part An evaporator and 
an adsorption means to make the outside of said heat exchange member carry out conduction of the steam from this 
evaporator, and to make moisture stick to said adsorption material, A cooling means to carry out conduction of the 
cooling fluid inside said heat exchange member at the time of this adsorption, A playback means to make carry out 
conduction of the thermal fluid inside said heat exchange member, and to reproduce said adsorption material, The 
condenser which condenses the steamy content resurgent gas which carried out desorption from said adsorption 
material by playback at the time of this playback, It is characterized by having the control means which divides said 
heat exchange member into two groups, and carries out supply of the outside steam and inside cooling fluid to said 
heat exchange member, supply of the inside heat carrier fluid to said heat exchange member, and the extract of outside 
resurgent gas by turns. 

[0014] In this case, to said heat exchange member, two or more fins are prepared in that outside surface, and it is 
desirable that it is that from which the front face of this fin also constitutes said outside surface of said heat exchange 
member. 

[0015] Moreover, as said adsorption material, there is silica gel, a zeolite, an activated alumina, or activated carbon. 
[0016] 

[Function] In this invention, prepare adsorption material in the outside surface of a tubed heat exchange member, and 
the interior of a heat exchange member is made to carry out conduction of a thermal fluid or the cooling fluid, and the 
adsorption material of the outside surface of a heat exchange member is heated, or it cools. By this, adsorption 
material is heated, a playback process is carried out in the heat exchange member in which thermal fluids, such as 
75-degree C thermal wastewater, are carrying out conduction, and desorption of the moisture is carried out. This 
desorption moisture serves as a steam, goes into a condenser, and is cooled and condensed with a condenser. On the 
other hand, conduction of the steam generated in the evaporator is contacted and carried out to the adsorption 
material of a heat exchange member, and it is adsorbed by adsorption material in the moisture. In an evaporator, the 
cold water which the latent heat of vaporization was taken and was cooled is obtained. In this adsorption process, since 
the interior of a heat exchange member is made to carry out conduction of the cooling fluid, adsorption material does 
not carry out a temperature up with a heat of adsorption, adsorption effectiveness does not necessarily fall, it is always 
efficient and an adsorption process is carried out. Thus, in this adsorption process, while heat exchange is carried out 
inside the outside-surface side of a tubed heat exchange member and an adsorption process and a playback process 
are carried out by turns, since adsorption material is cooled with the cooling fluid, adsorption effectiveness is high in 
this invention. Therefore, the extremely excellent frozen effectiveness can be acquired and a coefficient of 
performance can be raised. 
[0017] 

[Example] Hereafter, the example of this invention is concretely explained with reference to an attached drawing. 
Drawing 1 is the front view showing the heat exchange member 20 of the adsorption refrigerator concerning the 
example of this invention. Fitting of two or more aluminum plate fins 12 is carried out to the heat exchange tubing 
(copper tube) 1 1 . And the water adsorption material 1 3 is arranged all over the peripheral face of these copper tubes 1 , 
and the front face of a fin 12. This adsorption material 13 can apply an acrylic adhesiveness binder all over the 
peripheral face of a copper tube 1 1 , and the front face of a fin 1 2, and can form it by installing it on this acrylic 
adhesion material binder film, as a silica gel particle is embedded. Moreover, the powder of silica gel is kneaded with 
water glass, and after extruding and applying this to the peripheral face of a copper tube 1 1 , and the front face of a fin 
1 2, desiccation baking of the part for water glass can be carried out, and adsorption material can be prepared by fixing 
silica gel powder and water glass on a fin front face etc. Anyway, what is necessary is just to fix by applying the 
powder or particle of adsorption material to the front face of a heat exchange member, or pasting up. As adsorption 
material, a zeolite, activated carbon, an activated alumina, etc. are out of silica gel. 

[0018] Moreover, although the heat exchange member shown in drawing 1 is the heat-transfer element of a plate fin 
mold, the heat-transfer element of not only a such type thing but a shell and a tube mold, or an erotic fin mold etc. can 
also be used, and the heat-transfer element of the shape of single tubing which does not have a fin further may be 
used. 

[0019] The adsorption equation refrigerator of this example is constituted as shown in drawing 2 using this heat 
exchange member 20 (20a, 20b). It is contained in airtight in housing 21a and 21b, and, as for each heat exchange 
members 20a and 20b, warm water or cooling water is supplied through Piping 22a and 22b inside these heat exchange 
members 20a and 20b, respectively. This warm water or cooling water carries out conduction of the interior of the heat 
exchange members 20a and 20b, and after it heats the heat exchange members 20a and 20b or cools, it is discharged 
through Piping 23a and 23b. These piping 22a, 22b, 23a, and 23b is drawn by the exterior of Housing 21a and 21b. 
[0020] The piping 24a and 24b which is open for free passage in housing 21a and 21b is connected with one edge of 
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Housing 21a and 21b, and Piping 25a and 25b is connected with the other-end section of Housing 21a and 21b. Piping 
24a and 24b is connected with piping 24 by each, and Housing 21a and 21b is connected with the evaporator 32 
through these piping 24, 24a, and 24b. On the other hand, Piping 25a and 25b is connected with piping 25 by each, and 
Housing 21a and 21b is connected with the condenser 33 through these piping 25, 25a, and 25b. 

[0021] The closing motion valves 26a and 26b are formed in Piping 24a and 24b, and the closing motion valves 27a and 
27b are formed in Piping 25a and 25b. Each of these housing and piping are held airtightly. Moreover, the inside of 
housing 21a and 21b is held at the vacua. 

[0022] Next, actuation of the adsorption equation refrigerator constituted in this way is explained. First, heat exchange 
member 20a presupposes that playback process and heat exchange member 20b is carrying out the adsorption 
process. The closing motion valves 26a and 27b are made close, and the closing motion valves 26b and 27a are made 
open. Moreover, the interior of heat exchange member 20a is made to carry out conduction of the warm water through 
Piping 22a and 23a. This warm water can use what is discharged as thermal wastewater at works. Moreover, the 
interior of heat exchange member 20b is made to carry out conduction of the cooling water through Piping 22b and 23b. 
This cooling water can use the about 29-degree C water supplied from a cooling tower. 

[0023] If it does so, the interior of an evaporator 32 and housing 21b will be open for free passage, the adsorption 
material by which the refrigerant steam which evaporated with the evaporator 32 was formed in the outside surface of 
heat exchange member 20b will be contacted, and adsorption material will be adsorbed in a refrigerant steam. As a 
result of moisture s adsorbing in the adsorption material of this heat exchanger 20b, in an evaporator 32, evaporation 
advances further. In this case, since cooling water is carrying out conduction of the interior of heat exchanger 20b and 
heat exchanger 20b is cooled, even if generation of heat arises by the adsorption reaction of adsorption material, since 
adsorption material is cooled, adsorption effectiveness does not fall. 

[0024] Thus, as a result of evaporation advancing with an evaporator 32, water is cooled by the latent heat of 
vaporization and cold water is manufactured. 

[0025] On the other hand, since thermal wastewater is carrying out conduction of the interior in heat exchange member 
20a, the adsorption material is heated and adsorption material carries out desorption of the moisture to which it was 
sticking at low temperature comparatively to the bottom of a vacuum. Since housing 21a is open for free passage with 
the condenser 33, it is cooled with a condenser 33 and moisture condenses the refrigerant steam which carried out 
desorption from adsorption material. In heat exchanger 20a, the desorption of moisture advances further by 
condensation of this moisture, and adsorption material is reproduced. 

[0026] Thus, after playback of adsorption material is completed in heat exchange member 20a and water adsorption is 
completed in heat exchange member 20b, the closing motion valves 26a and 27b are made open, and the closing motion 
valves 26b and 27a are made close. If it does so, an adsorption process will be carried out in heat exchange member 
20a, and a playback process will be carried out in heat exchange member 20b. Thus, cold water is continuously 
manufactured from an evaporator 32 by carrying out a playback process and an adsorption process by turns by the 
heat exchange members 20a and 20b. 

[0027] In this example, since the heat exchange member 20 (20a, 20b) has a fin 12 like drawing 1 and the adsorption 
material 13 is formed also in this fin 12, an adsorption area is large, it is efficient, and moisture adsorbs. Moreover, in an 
adsorption process, since cooling water carried out conduction of the interior of the heat exchange member 20 and 
adsorption material is cooled, even if generation of heat by the adsorption reaction arises, adsorption effectiveness 
does not fall and high adsorption effectiveness is maintained. Consequently, according to the adsorption equation 
refrigerator of this example, it is very efficient and cold water can be obtained. For this reason, a coefficient of 
performance is high. 

[0028] Next, drawing 1 and the adsorption equation refrigerator shown in 2 are actually manufactured, and the result of 
having asked for the coefficient of performance is explained. The fin pitch of this heat exchange member is 3.5mm. The 
heating area of each heat exchange member is 2 29m, and the change of a closing motion valve, i.e., the change to a 
playback process and an adsorption process, is for 5 minutes. The acrylic adhesiveness binder was applied all over the 
plate fin made from aluminum, and the silica gel whose grain size is 20 thru/or 35 meshes was pasted up on the front 
face two times 680 g/m. A heat carrier is 75-degree C thermal wastewater, and the cooling water of the medium inside 
the heat exchange tubing 1 is cooling tower water. 

[0029] Consequently, that that whose warm water was 75 degrees C at the entrance fell to 70 degrees C at the outlet, 
and cold waters was [ that ] 14 degrees C at the entrance fell to 12 degrees C at the outlet. The heating value by the 
side of warm water was 63kW, and the heating value by the side of cooling water was 82.5kW. Consequently, 
coefficients of performance were 82.5 / 63= 1.31. 
[0030] 

[Effect of the Invention] The coefficient of performance can be raised more than the coefficient of performance of 
other steamy compression refrigerating machines and an absorption refrigerator, employing efficiently the advantage 
that the running cost of an adsorption equation refrigerator is low according to this invention, as explained above. For 
this reason, this invention does so the outstanding effectiveness that it is very efficient and cold water can be 
manufactured. 
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TECHNICAL FIELD 



[Industrial Application] This invention uses the latent heat of vaporization of the refrigerant within a low-pressure 
well-closed container, makes the generated refrigerant steam stick to adsorption material, and relates to an adsorption 
equation refrigerator effective in manufacturing cold water about 5 degrees C or more especially using heat exchange 
members, such as a plate fin mold heat-transfer element, shell, a tube mold heat-transfer element, and an erotic fin 
mold heat-transfer element, about the adsorption equation refrigerator which a refrigerant is evaporated continuously 
and obtains cold energy. 
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PRIOR ART 



[Description of the Prior Art] There are a technique of manufacturing cold water by the latent heat of vaporization in 
case a refrigerant evaporates as a means to manufacture cold water, using a steamy compression refrigerating 
machine, a technique of evaporating water within the container decompressed so that water might evaporate at low 
temperature using an absorption refrigerator, and manufacturing cold water by the latent heat of vaporization, and a 
technique of manufacturing cold water with an adsorption equation refrigerator by making the pellet of silica gel into 
adsorption material. 

[0003] Although the steamy compression refrigerating machine is generally conventionally used for manufacture of cold 
water, this steamy compression refrigerating machine has the trouble that consumption energy is high, in order that it 
is going to be contrary to the request of the latest dechlorofluocarbon since chlorofluocarbon is used, and the heat of 
condensation may carry out [ and ] condensation removal of the large moisture. 

[0004] On the other hand, although an absorption refrigerator does not produce the problem of chlorofluocarbon, as 
compared with a steamy compression refrigerating machine, the high pressure steam of about 8 kgf/cm2G is needed in 
effectiveness being bad and gathering this frozen effectiveness. An installation will be restrained, and equipment 
enlarges the feeder of such a high pressure steam as compared with a steamy compression refrigerating machine, and 
it has the difficulty that maintenance is difficult. 

[0005] Since the adsorption equation refrigerator is using silica gel for adsorption material, by using thermal 
wastewater, such as works and a cogeneration system, as compared with an absorption refrigerator, although 
effectiveness is bad, a running cost becomes very low and it has the advantage that there is little change of the 
effectiveness by fluctuation of the warm water temperature at the time of desorption. 

[0006] The evaporator 1 which carries out an adsorption process, and the adsorption material heat exchanger 3 are 
connected in [ the condenser 2 and the adsorption material heat exchanger 4 which carry out a playback process again 
] airtight, and this adsorption equation refrigerator is held at a high vacuum, as shown in drawing 3 (the number for 
clean energy February, 1 993 the 35th thru/or 40 pages). Although two heat exchangers 3 and 4 are formed, a playback 
process and an adsorption process are carried out by turns, and, thereby, each of these is connected with an 
evaporator 1 or a condenser 2 by turns. The refrigerant 8 of Te exists [ temperature ] in the interior of an evaporator 
1, and the refrigerant 8 of Tc exists [ temperature ] in a condenser 2. This refrigerant is water. Moreover, although the 
adsorption material 7 is stored in the adsorption material heat exchanger 3 and 4, as for the adsorption material 7 in 
the adsorption material heat exchanger 4 of a playback process, the temperature of the temperature of the adsorption 
material 7 in Tr and the adsorption material heat exchanger 3 of an adsorption process is Ta. This adsorption material 
is silica system solid-state adsorption material. 

[0007] At a playback process, from a heat source, the refrigerant to which that temperature was rising from Ta to Tr in 
response to heat, and it was sticking serves as a steam, desorption of the adsorption material 7 of the adsorption 
material heat exchanger 4 is carried out, and this steam serves as water with a condenser 2 at condensation 
temperature Tc (pressure Pc). By this actuation, the water content of adsorption material shifts to qa from qb in an 
am ount-ol^ad sorption diagram, such as being shown in drawing 4 . 

[0008] Moreover, in an adsorption process, since the percentage of saturatel water content of adsorption material 
increases the adsorption material 7 in the adsorption material heat exchanger 3 from qa to qb by being cooled until 
temperature is set to Ta from Tr with cooling water etc., a refrigerant takes heat from the outside of a system, 
evaporates it at the evaporation temperature Te (pressure Pe) in an evaporator 1, and is adsorbed by the adsorption 
material 7. Moreover, since the heat of adsorption generated at the time of adsorption is taken by cooling water, 
temperature is held at Ta and the adsorption material 7 is continuously adsorbed by the adsorption material 7 in a 
refrigerant. When two sets of heat exchangers 3 and 4 repeat such a process by turns, cold water is continuously 
obtained from an evaporator 1 . 
[0009] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The coefficient of performance can be raised more than the coefficient of performance of 
other steamy compression refrigerating machines and an absorption refrigerator, employing efficiently the advantage 
that the running cost of an adsorption equation refrigerator is low according to this invention, as explained above. For 
this reason, this invention does so the outstanding effectiveness that it is very efficient and cold water can be 
manufactured. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, this conventional adsorption equation refrigerator has the 
difficulty that cold-water manufacture effectiveness is low. If 29 degrees C and warm water inlet temperature are set 
into 75 degrees C and a steam is set [ 12 degrees C and refrigerating capacity ] to 8 kgf/cm2G for 10USRT(s) (30240 
kcal/H) and cooling water inlet temperature at 14 degrees C and a cold-water outlet, compressor capacity is 
sometimes for example, excellent [ it is a cold-water inlet port about cold-water conditions, and / with 3.4 ] in the 
coefficient of performance COP in 7.5kW and the maximum stream flow in the case of the steamy compression 
refrigerating machine 3/1 2m. In addition, in a refrigerator, although a heating value Q is pumped up, this coefficient of 
performance is the index the work W of which to consume, and expresses the effectiveness of a refrigerator. However, 
in this steamy compression refrigerating machine, if power is required to drive a compressor and the generating 
efficiency for it is taken into consideration, it will be thought that a coefficient of performance COP becomes about 
one. On the other hand, steam consumption of an absorption refrigerator is 45kg/o'clock, and a coefficient of 
performance is 1.2. 

[0010] On the other hand, an adsorption equation refrigerator has a very low coefficient of performance as compared 
with 0.56, and a steamy compression refrigerating machine and an absorption refrigerator. 

[001 1] It aims at this invention being made in view of this trouble, and offering the adsorption equation refrigerator 
which can raise a coefficient of performance and can raise effectiveness, employing efficiently the advantage of the 
adsorption equation refrigerator that a running cost is low. 
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MEANS 



[Means for Solving the Problem] The tubed heat exchange member by which, as for the 1st adsorption equation 
refrigerator concerning this invention, water adsorption material has been arranged at the outside-surface part, An 
evaporator and an adsorption means to make the outside of said heat exchange member carry out conduction of the 
steam from this evaporator, and to make moisture stick to said adsorption material, It is characterized by having a 
cooling means to carry out conduction of the cooling fluid inside said heat exchange member at the time of this 
adsorption, a playback means to make carry out conduction of the thermal fluid inside said heat exchange member, and 
to reproduce said adsorption material, and the condenser that condenses the steam which carried out desorption from 
said adsorption material by playback at the time of this playback. 

[0013] At least two sets of the tubed heat exchange members by which, as for the 2nd adsorption equation refrigerator 
concerning this invention, water adsorption material has been arranged at the outside-surface part An evaporator and 
an adsorption means to make the outside of said heat exchange member carry out conduction of the steam from this 
evaporator, and to make moisture stick to said adsorption material, A cooling means to carry out conduction of the 
cooling fluid inside said heat exchange member at the time of this adsorption, A playback means to make carry out 
conduction of the thermal fluid inside said heat exchange member, and to reproduce said adsorption material, The 
condenser which condenses the steamy content resurgent gas which carried out desorption from said adsorption 
material by playback at the time of this playback, It is characterized by having the control means which divides said 
heat exchange member into two groups, and carries out supply of the outside steam and inside cooling fluid to said 
heat exchange member, supply of the inside heat carrier fluid to said heat exchange member, and the extract of outside 
resurgent gas by turns. 

[0014] In this case, to said heat exchange member, two or more fins are prepared in that outside surface, and it is 
desirable that it is that from which the front face of this fin also constitutes said outside surface of said heat exchange 
member. 

[0015] Moreover, as said adsorption material, there is silica gel, a zeolite, an activated alumina, or activated carbon. 
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OPERATION 



[Function] In this invention, prepare adsorption material in the outside surface of a tubed heat exchange member, and 
the interior of a heat exchange member is made to carry out conduction of a thermal fluid or the cooling fluid, and the 
adsorption material of the outside surface of a heat exchange member is heated, or it cools. By this, adsorption 
material is heated, a playback process is carried out in the heat exchange member in which thermal fluids, such as 
75-degree C thermal wastewater, are carrying out conduction, and desorption of the moisture is carried out. This 
desorption moisture serves as a steam, goes into a condenser, and is cooled and condensed with a condenser. On the 
other hand, conduction of the steam generated in the evaporator is contacted and carried out to the adsorption 
material of a heat exchange member, and it is adsorbed by adsorption material in the moisture. In an evaporator, the 
cold water which the latent heat of vaporization was taken and was cooled is obtained. In this adsorption process, since 
the interior of a heat exchange member is made to carry out conduction of the cooling fluid, adsorption material does 
not carry out a temperature up with a heat of adsorption, adsorption effectiveness does not necessarily fall, it is always 
efficient and an adsorption process is carried out. Thus, in this adsorption process, while heat exchange is carried out 
inside the outside-surface side of a tubed heat exchange member and an adsorption process and a playback process 
are carried out by turns, since adsorption material is cooled with the cooling fluid, adsorption effectiveness is high in 
this invention. Therefore, the extremely excellent frozen effectiveness can be acquired and a coefficient of 
performance can be raised. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is concretely explained with reference to an attached drawing. 
Drawing 1 is the front view showing the heat exchange member 20 of the adsorption refrigerator concerning the 
example of this invention. Fitting of two or more aluminum plate fins 12 is carried out to the heat exchange tubing 
(copper tube) 11. And the water adsorption material 13 is arranged all over the peripheral face of these copper tubes 1, 
and the front face of a fin 12. This adsorption material 13 can apply an acrylic adhesiveness binder all over the 
peripheral face of a copper tube 11, and the front face of a fin 12, and can form it by installing it on this acrylic 
adhesion material binder film, as a silica gel particle is embedded. Moreover, the powder of silica gel is kneaded with 
water glass, and after extruding and applying this to the peripheral face of a copper tube 1 1 , and the front face of a fin 
12, desiccation baking of the part for water glass can be carried out, and adsorption material can be prepared by fixing 
silica gel powder and water glass on a fin front face etc. Anyway, what is necessary is just to fix by applying the 
powder or particle of adsorption material to the front face of a heat exchange member, or pasting up. As adsorption 
material, a zeolite, activated carbon, an activated alumina, etc. are out of silica gel. 

[0018] Moreover, although the heat exchange member shown in drawing 1 is the heat-transfer element of a plate fin 
mold, the heat-transfer element of not only a such type thing but a shell and a tube mold, or an erotic fin mold etc. can 
also be used, and the heat-transfer element of the shape of single tubing which does not have a fin further may be 
used. 

[0019] The adsorption equation refrigerator of this example is constituted as shown in drawing 2 using this heat 
exchange member 20 (20a, 20b). It is contained in airtight in housing 21a and 21b, and, as for each heat exchange 
members 20a and 20b, warm water or cooling water is supplied through Piping 22a and 22b inside these heat exchange 
members 20a and 20b, respectively. This warm water or cooling water carries out conduction of the interior of the heat 
exchange members 20a and 20b, and after it heats the heat exchange members 20a and 20b or cools, it is discharged 
through Piping 23a and 23b. These piping 22a, 22b, 23a, and 23b is drawn by the exterior of Housing 21a and 21b. 
[0020] The piping 24a and 24b which is open for free passage in housing 21a and 21b is connected with one edge of 
Housing 21a and 21b, and Piping 25a and 25b is connected with the other-end section of Housing 21a and 21b. Piping 
24a and 24b is connected with piping 24 by each, and Housing 21a and 21b is connected with the evaporator 32 
through these piping 24, 24a, and 24b. On the other hand, Piping 25a and 25b is connected with piping 25 by each, and 
Housing 21a and 21b is connected with the condenser 33 through these piping 25, 25a, and 25b. 

[0021] The closing motion valves 26a and 26b are formed in Piping 24a and 24b, and the closing motion valves 27a and 
27b are formed in Piping 25a and 25b. Each of these housing and piping are held airtightly. Moreover, the inside of 
housing 21a and 21b is held at the vacua. 

[0022] Next, actuation of the adsorption equation refrigerator constituted in this way is explained. First, heat exchange 
member 20a presupposes that playback process and heat exchange member 20b is carrying out the adsorption 
process. The closing motion valves 26a and 27b are made close, and the closing motion valves 26b and 27a are made 
open. Moreover, the interior of heat exchange member 20a is made to carry out conduction of the warm water through 
Piping 22a and 23a. This warm water can use what is discharged as thermal wastewater at works. Moreover, the 
interior of heat exchange member 20b is made to carry out conduction of the cooling water through Piping 22b and 23b. 
This cooling water can use the about 29-degree C water supplied from a cooling tower. 

[0023] If it does so, the interior of an evaporator 32 and housing 21b will be open for free passage, the adsorption 
material by which the refrigerant steam which evaporated with the evaporator 32 was formed in the outside surface of 
heat exchange member 20b will be contacted, and adsorption material will be adsorbed in a refrigerant steam. As a 
result of moisture's adsorbing in the adsorption material of this heat exchanger 20b, in an evaporator 32, evaporation 
advances further. In this case, since cooling water is carrying out conduction of the interior of heat exchanger 20b and 
heat exchanger 20b is cooled, even if generation of heat arises by the adsorption reaction of adsorption material, since 
adsorption material is cooled, adsorption effectiveness does not fall. 

[0024] Thus, as a result of evaporation advancing with an evaporator 32, water is cooled by the latent heat of 
vaporization and cold water is manufactured. 

[0025] On the other hand, since thermal wastewater is carrying out conduction of the interior in heat exchange member 
20a, the adsorption material is heated and adsorption material carries out desorption of the moisture to which it was 
sticking at low temperature comparatively to the bottom of a vacuum. Since housing 21a is open for free passage with 
the condenser 33, it is cooled with a condenser 33 and moisture condenses the refrigerant steam which carried out 
desorption from adsorption material. In heat exchanger 20a, the desorption of moisture advances further by 
condensation of this moisture, and adsorption material is reproduced. 

[0026] Thus, after playback of adsorption material is completed in heat exchange member 20a and water adsorption is 
completed in heat exchange member 20b, the closing motion valves 26a and 27b are made open, and the closing motion 
valves 26b and 27a are made close. If it does so, an adsorption process will be carried out in heat exchange member 
20a, and a playback process will be carried out in heat exchange member 20b. Thus, cold water is continuously 
manufactured from an evaporator 32 by carrying out a playback process and an adsorption process by turns by the 
heat exchange members 20a and 20b. 

[0027] In this example, since the heat exchange member 20 (20a, 20b) has a fin 12 like drawing 1 and the adsorption 
material 13 is formed also in this fin 12, an adsorption area is large, it is efficient, and moisture adsorbs. Moreover, in an 
adsorption process, since cooling water carried out conduction of the interior of the heat exchange member 20 and 
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adsorption material is cooled, even if generation of heat by the adsorption reaction arises, adsorption effectiveness 
does not fall and high adsorption effectiveness is maintained. Consequently, according to the adsorption equation 
refrigerator of this example, it is very efficient and cold water can be obtained. For this reason, a coefficient of 
performance is high. 

[0028] Next, drawing 1 and the adsorption equation refrigerator shown in 2 are actually manufactured, and the result of 
having asked for the coefficient of performance is explained. The fin pitch of this heat exchange member is 3.5mm. The 
heating area of each heat exchange member is 2 29m, and the change of a closing motion valve, i.e., the change to a 
playback process and an adsorption process, is for 5 minutes. The acrylic adhesiveness binder was applied all over the 
plate fin made from aluminum, and 680g /of silica gels whose grain size is 20 thru/or 35 meshes was pasted up on the 
front face two times m. A heat carrier is 75-degree C thermal wastewater, and the cooling water of the medium inside 
the heat exchange tubing 1 is cooling tower water. 

[0029] Consequently, that that whose warm water was 75 degrees C at the entrance fell to 70 degrees C at the outlet, 
and cold water's was [ that ] 1 4 degrees C at the entrance fell to 1 2 degrees C at the outlet. The heating value by the 
side of warm water was 63kW, and the heating value by the side of cooling water was 82.5kW. Consequently, 
coefficients of performance were 82.5 / 63= 1.31. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the heat exchange member of the adsorption equation refrigerator 
concerning the example of this invention. 

[Drawing 2] It is the block diagram showing the adsorption equation refrigerator of this example similarly. 

[Drawing 3^ It is the block diagram showing the conventional adsorption equation refrigerator. 

[Drawing 4] It is drawing showing the ******** diagram similarly. 

[Description of Notations] 

1; evaporator 

2; condenser 

3 4; heat exchanger 

7; adsorption material 

8; refrigerant 

1 1 ; heat exchange tubing 

12; fin 

13; adsorption material 

20, 20a, 20b; heat exchange member 

21a, 21b; housing 

32; evaporator 

33; condenser 
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